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10 Chims. 
1 
My invention relates to true air speed meters, 
and more païticularly to a device capable of 
ceïtaining the true speed of an airplane relative 
fo the air thïough which if is passing while travel- 
ing at high velocities. 
The need for an instrument to indicate true air 
speed bas been early recognized. Among the 
first instruments was a diaphragm or bellows and 
Pitot tube. Af higher speeds greater pressures 
weïe generated and it was impossible to calibrate 
a pressure ïesponsive device to indicate true air 
speed due to the fact that air was a compressible 
medium and ifs density varied hOt only as a ïunc- 
tion of the speed but also in ïesponse to the 
altitude and the temperature of the air as well 
as with the baïometric pressure. 
In my co-pending application for a true air 
speed meteï, Seïial Number 640,915, filed January 
12, 1946, now Patent 2,508,623, I show means for 
measuring true air speed in which an air pump 
is driven at a constant speed and balanced against 
the pressure geneïated in the Pitot tube. This 
means woïks well at loweï and inteïmediate air- 
plane speeds but at very high speeds a bulky pump 
is ïequired and the problem o£ cooling the air 
compïessed by the air pump becomes difficult. 
One object o£ my invention is to provide a true 
air speed meteï in which inaccuracies due to den- 
sity differences are eliminated. 
Anotheï object o£ my invention is to provide a 
true air speed meteï in which the instantaneous 
true air speed of an airplane will always be ac- 
curately indicated, thus enabling my device fo be 
used with a computer without an averaging de- 
vice. 
Another object of my invention is fo provide a 
true air speed meter in which the difficulties in- 
volved in measuring free air temperature are 
avoided. 
Other and further objects of my invention will 
appear from the following description. 
In general my invention contemplates an air 
speed meter employing a dynamic pressure bal- 
anced against a predetermined static pressure and 
a temperature measurement. The temperature 
measurement avoids the difficulty oï measuring 
ïree air temperature by using the temperature af 
a point where the air is brought fo rest as in the 
opening of a Pitot tube. 
The accompanying drawing which forms part 
of the instant specification and is fo be read in 
conjunction therewith shows a diagrammatic view 
of an air speed meter containing one embodiment 
of my invention. 
Let: 
p=pressurein the Pitot tube 
0=static pressure " 

(C1. 73--182) 
2 
T0=free air temperature 
T----temperature of air brought fo rest 
=ïatio of specific heat at constant pressure to 
specific heat af constant volume 
5 a=speed of sound 
V----true air speed 
R=gas constant 
Now for true a spee less than the spd of 
1Ç sound, the relations existing between pressures, 
temperatures and spee may be expressed as 
ollows: 
T_ 1+-- Wh 
(2) _( '] 
(3) 
20 Referring now fo the drawing, a metalc bel- 
lows 2 coucates through conduit  with a 
Pitot static tube (not shown). A lever  ful- 
cred about pivot  is Coecd af one end by 
rod  fo the bellows 2 so that movement oï the 
25 bellows will pivot the lever  about ifs 
. A second bellows2 is partially evacuated. 
If is connected by ro  fo a second lever 
which is fulcred about stationary pivot 8 
such a manner tha movement of .the bellows 
0 in response fo changes in altitude will pivot lever 
6 about ifs fcr 8. A movable pin 2 is 
interposed between the en of levers  and 
 such a manner that downward thst o£ the 
end of lever 6 is commicad to lever 6 and 
35 upward thrust of the end of lever   comm- 
cated fo the end of lever . e forces exer 
by the two bellows may be balanced by mong 
the pin 2. If, for example, the Pitot pressée 
extending bellows 2 tending  move the right- 
40 hand end of lever 6 upwardly is grear than the 
barometric pressure o£ the surroung atmos- 
phere tending to more the lt-hand end o£ lever 
16 downwardly, a balance may be aceved by 
movg the p 2 fo the right decreasg the 
45 mechanical advantage o£ the lever  with resct 
fo the lever  . 
e force exerted by bellows 2 is proportional 
fo the pressure in the Pitot tube. e force 
erted by bellows 2 is proportional  the haro- 
s0 metric or static pressure. Equation 1 may be 
rewritn as follows : 
55 / P0 
e splucemen of the bulunce pin 29 be- 
. tweed-the :levers:l and  is uO proportinal fo 
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3 
the ratio of the bellows forces. Accordingly, 
letting the displacement of the balance pin 2{} be 
represented by g we may write: 
(5) d=/1  
The exa:ct form of/1-will be determined ,by the 
bellows sizes and the dimensions of the leveis 
and  
Inasmuch as the temperature of the cJrcum- 
ambient air through which the airplane istravél- 
ing is diiïicult to measure, iI lO, lopose to=measue 
the temperature of the air af :a-point vthere 
air is brought to test as, for example,.in the:open- 
ing of the Pitot tube. One means of,measuring 
the temperature at this point is by the use ¢/f a 
platinum resistor element placed in an exposed 
position so that it will be responsive to the tem- 
perature of the compressed air.a,t:a point oï.rest 
in the Pitot,tube. 
The:resstance :of th ptatinumresistora-t.tem- 
perature T is: 
RT=Ro[ 1÷ .00392 (T--273) ] ---- C00392 r--.0702) 
where R0 is the resistance af 0 ° C..A fl,xed resist- 
rance of negligible temperature coefficient equal to 
:0702 R0 is dded in series so that the-total 
resistance 
(6) R1:.00392 RoT 
Combining Equations 2, 3 and 6 we obtain 
R --R 7-- 1 V  
.00392R0 à 1 ÷--- .-a-  

Letting 

.anïl 

 --- 
andraUltiptying both sides :eby V-we Ubtain 
Referring ow o :the-drawing, I :bave .shown 
'a ene :bridge in-which-the .fixed resistor 
'. Chas ,a vglue equal to R. The lineur resstor 
'2 ha-s a vglue proportional to 
V  
h a 
 the'linear resisr ]'S :bus a value roortioul to 
;and £he nenlinear 'esistor  hss I  IV a  J e 
. ;is sueh hat-movement .oï the vsrisbte 
 ries .he resissnee lSS he susre oï he 
-mvement so that the osition Oï the arm  
i]] I va as a .ftio oï the veloei7 ht 
"e-dered true air-seed. 
e resisrs ehose ïor the resistsees 
,l «s-d 2 hsve elgliible temeratue coeî- 
A battery  is eomeeted by :a eandutor  
o e bridge between the resistors  and . 
She oher erminsl oi he bs;err  is roded 
ai rod .  onr. onneted to-the 
oher'minsl oï theibride between the resistors 
, d:2-2 is::omded::at,ground_. 
A.coct«poit:-42".ts grodedby_fiexible co- 

4 
ductor  to ground . An extension 8 rigidly 
carried by lever I for movement therewith sup- 
ports the contact point 
One terminal of a battery } is connected by 
5 conductor 52 to respective ends of relay coils 
and . le other terminal of the battery } is 
grounded at g. When,contact-point "2 makes 
contact with contact plate ,60, current will flow 
from the battery  through relay coil  fo 
Ï0 ground46 and back fo the battery 50. When this 
occurs relay armature 62 makes contact with 
contact point, .so that current may flow from 
:battely 50 through conductor 6 through the 
armature 6-of ,motor 6 through conductor 
:15 througharmature  of the lower re]ay through 
conductor  fo ground 6. 
When contact point 2 makes contact with 
contact plate  current will flow from the battery 
{} 'through the.relay ,coil-6 fo ground :6 and 
20 thence ;back .to the battery. -vVhen-this .ccurs, 
.a-rma,ture 2 wJll make contact withcontact]oint 
{1 -so that current will flow from the :batoery 
through armature 2, through 'the .conduc.tor 0, 
through the armature S oï the motor =6:-in the 
25 -opposite direction, xeturning through .contuctor 
6, armature 2, ground ]6 to the otherside of 
 the battery-5}. ,A-permanent magnet 
rfislzes ,the :fleld-for the motor 6L The nmtor 
 sha-ft .M is adapted fo rotate a cam ,.8, ,which 
30 .is shaped to displace a:cam fol]ower 8 :in gccord- 
ance with ,the-Equation '5. The cam follower "-88 
is urged against-the cam by 'means .of a-spring 
9{].- The :follower is carried by a slidabte :sup- 
port 2 which carries,£he balance :pin-.20../k:gear 
35 M is ecured to the shaft:8ior movementthere- 
v¢lth. The gear   meshes-with .the :gear- 9  which 
is secured to a shaft 8. ïe Shaft SS carries 
a:pair .of.gears :[{} and-[92 meshing respectiwly 
with gears [{} and [{}. Movernent of-gear 
40 will more £he variable arm 19.8 o alter-the zesis- 
.tance :of :resistor '2. Movement -of -the ,gear t{}8 
witl ,rotate-the arm Ht} to vary the resista-nce 
of r.esistor 
 One terminal Of a battery :2 is connected 
45 by:conductor ! [  fo respective-ends ofrelay coils 
[ t a-nd ! H]. The armature 12S of a :polarized 
relay, indicated genra]ly by-the reference :nu- 
moral [2[, is adapted to-make contact with con- 
tact point [22 or [2 depending :upon-the,direc- 
50 tion "of the current fiowing hrough contol coil 
[:2} which is cormected by conductors '[2] and 
[0 across the Wheatstone bridge. The arma- 
ture [20 is grounded at |32. The other terminal 
of the-battery |[2 is grounded af [S. When 
55 thearmature [ 21 of thepolarized:relay [ 2 [ makes 
contact-with .contact point |:22, the relay coil 
[ |  will be energized fo move the re]ay armature 
[S fo make contact with contact point :|SS. 
Current will then flow from the battery 
60 through the armature |3Gthrough conductor 
through the armature [42 of a motor, indicated 
generatly by the reference nurneral .|41, through 
conductoï |, through-the armature |S of the 
other-relay, through conductor |Sto the ground 
65 [5{} and thence fo the other terminal of the bat- 
tory 1'|2. A permanent magnet/2 .supplies 
fleld for the motor . 
When the armature [2S makes contact with 
contact point [2, relay coil ||: ;is energized to 
70 cause armature | fo makecontact with contact 
point '1:54 portail;ring the current-to flow-from the 
battery through the armature of motor-|'2 in 
the opposite direction, thus reversing the direc- 
tion of rotation of the rnotr. The :motor haft 
75 | carries gears |8 and [{} which 
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gears ! $2 and ! $4. The gear | $4 carries the var- 
iable arm 3@ which controls the resistance of the 
resistor 28. The gear |62 is secured fo a shaft 
166 adapted to rotate a pointer 68 on a dial |76 
of the air speed meter, indicated generally by the 
reference numeral| 69. 
In operation, referring to the drawing, let us 
assume that the airplane carrying my improved 
air speed meter increases its speed. The pressure 
within the Pitot tube carried by the airplane 
increased and an increased pressure is thus com- 
municated to the interior of tube 4 which com- 
municates with the interior of bellows 2. The 
raised pressure tends to expand the bellows thus 
tending to rotate the lever 6 in a counterclockwise 
direction. This rotates the lever |6 in a clock- 
wise direction and causes the contact point 42 to 
make contact with contact plate 78 energizing the 
winding 5@ of the relay, indicated generally by the 
reference numeral 55. The energization of the 
winding 56 of the relay causes armature 72 to 
make contact with contact point 86 so that cur- 
rent now flows through conductor 7@ to the up- 
per brush of the motor indicated generally by the 
reference numeral 67. The polarity of the field 
of the motor @7 is such that the motor will run 
in a direction o rotate shaft 
in a ctockwise direction as viewed in the draving. 
This permits the spring 96 fo move the balance 
pin 26 to the right, thus reducing the mechanical 
advantage of lever 6 and increasing the me- 
chanical advantage of the lever f@ until balance 
is again brought about. When this occurs con- 
tact is broken between contact point 42 and the 
contact plate 7:8 and the motor 88 stops. The ro- 
tation of the shaft 84, it will be observed by refer- 
ence fo Equation 4 above, is a function of 
The rotation of the cam in a clockwise direction 
will rotate the gear 96 and hence the shaft 98 in 
a clockwise direction viewed from above. This 
rotation is imparted to gears |66 and |@2 which 
are carried for rotation with shaft 8. The ro- 
tation of gear |66 in a clockwise direction viewed 
from above will rotate gear 4 in a counter- 
clockwise direction reducing the resistance 
Similarly, the rotation of gear @2 in a clockwise 
direction viewed from above will rotate gear 
meshing therewith'in a counterclockwise direc- 
tion reducin the value of the resistance 26. The 
reduction of resistances 2and 26 will unbalance 
the bridge so that current wil] fiow from the con- 
ductor |27 downwardiy through the control coil 
|26 of the polarized relay through conductor |3@ 
to the conductor |85. When this occurs, the 
armature |26 will make contact with contact 
point |2so that current will now flow from the 
battery |2 through the control coil |8 of the 
lower relay thus attractin armature |6 to make 
contact with contact point | Current will 
then fiow from the battery fo the upPer brush 
of the motor |4| through conductor |. The 
polarity of the field is such that the motor will 
run in a counterclockwise direction viewed from 
the left, thus rotating the gear 66 in a counter- 
clockwise direction viewed from the left. Gear 
|66 meshes with gear |6 so that this gear wfll 
rotate in a counterclockwise direction reducing 
the resistance 26. The resistance 28 is a non- 
linear resistance and is wound so that the resist- 
ance is reduced as a function of the square of 
the movement of the variable arm @ actuated 
by gear 16 As soon as the resistance of resistor 

28 moves sufliciently to balance the bridge, cur- 
rent no longer flows from conductor  to con- 
ductor |6 through the control coil |2@ of the 
polarized relay |2|. Ai this rime the armature 
5 |26 breaks contact with contact point |24 de- 
energizing control coil |8 and permitting the 
spring (hot shown) vhich biases armature |46 to 
move the armature |46 to the position shown in 
the drawing and stopping the motor |4 |. It will 
10 be clear that the rotation of shaft |56 is in ac- 
cordance with a function of the true air speed. 
The gear |58 is mounted on shaft @ for rota- 
tion therewith and meshes with gear |@2. As 
pointed out above, an increase in air speed causes 
15 a rotation of the shaft |55 in a counterclockwise 
direction as viewed from the left. This rotation 
will produce a clockwise rotation of the gear |62 
viewed from the bottom. The drawing is dia- 
grammatic for purposes of clarity and the shaft 
20 2 will rotate in a clockwise direction thus carry- 
ing the pointer | 68 in a clockwise direction. The 
dial |76 of the air speed meter is calibrated to 
indicate true air speed. 
A decrease in the velocity of the airplane will 
25 cause contact point .2 to make contact with 
contact plate 66 and the sequence of steps are 
analogous to those described but all take place 
n the opposite direction. The lower brush of 
motor 67 is then energized to rotate the cam 
30 86 in a counterclockwise direction. The re- 
sistances of resistors 2and 2@ are increased and 
current wfll fiow from conductor |6 to con- 
ductor |27 causing the energization of control 
winding ||6 with oppositely fiowing current so 
25 that the lower brush of motor | is connected 
with positive polarity causing the motor arma- 
ture to rotate in a direction opposite ,from that 
described above, thus increasing the value of 
resistor 25 and càusing the pointer 6@ to indi- 
40 cate a lower air speed. 
An increase in speed brings about a greater 
compressim of the air in the Pitot tube, thus 
increasing the apparent temperature at this 
point, while the temperature of the circum- 
45 ambient air remains the saine. The increase 
of the temperature causes an increase in the 
resistance of the resistor 22 which is designed 
to have an appreciable temperature coefficient. 
This increase in resistance of the resistor 
50 reduces the extent fo which the arm 36 must more 
in a counterclockwise direction upon an increase 
in velocity and serres to introduce the tem- 
perature correction by reducing the measure- 
ment of temperature of the air brought to test 
5 to the temperature of the circumambient air. 
The evacuated bellows |2 automatically corrects 
 for static air pressure which includes both the 
pressure variation from sea level atmospheric 
pressure due to altitude and the barometric 
60 pressure of the atmosphere af sea level. The 
resistor  in series with resistor 26 is a man- 
ually adjustab]e resistor which is provided for 
calibrating purposes. 
If wi]l be seen that I have accomplished the 
65 objects of my invention. I have provided a true 
air speed meter in which inaccuracies due to 
density differences are eliminated. My true air 
speed meter always accurately indicates true air 
speed thus enabling my device to be used with a 
70 computator without an averaging device. In my 
construction the difliculties involved in measur- 
ing free air temperature are avoided. 
It will be understood that certain features and 
sub-combinations are of utility and may be em- 
75 ployed without reference to other OEeatures and 
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sub-combinations. This is contemplated=by-and 
OEs within :the.cope 'of:my clairris. If is further 
obvious .that various changes may be made in 
details within the scope of my clairns without 
depaoEing ïrom the .spirit of my-invention. It 
is therforeunderstood that my invention is hot 
tobe Iimited fo :the .speciiïc details shown and 
described. 
 Having :thus described my invention, I claim: 
-.I. A truc air 'speed :meter including in com- 
bination .a Wheatstone bridgehaving a first im- 
pedance positioned in one arm of the bridge, 
differentiaI-pressure responsive means îor vary- 
ing the imtedance:as a function of the air speed 
of :an. aiplane, means for varying the impedance 
as a function Of %he barometric .pressure exist- 
ing -at the altitude at which the airplan is fiying, 
a .secorfd impedance positioned in another arm 
.of :the bridge, means responsive to the unbalance 
of the bridge produced by said variations for 
'altering-the second impedance to bring the bridge 
 back to balance and means responsive to a more- 
ment of said altering means for inïicating the 
value of said second impedance as a measure of 
true air speed. 
2.. true..air speed meter asin claim 1 in which 
said bridge includes a third impedance positioned 
in a third arm of the bridge, said third 
pedance being such thatlitwiI1 vary as a function 
of the air temperature. 
3. -Atrue air speed meter as in claim 1 in which 
said bridge includes a third impedance positioned 
in a third .arm ot the bridge, said third 
pedancebeing suchthat itwilI vary as a function 
of the air temperature and being positioned af 
 a point .where the air through which the air- 
plane is :Iiying is brought to test. 
4..A truc air speed meter including in com- 
bination a Wheatstone bridge having four vari- 
able resistances each posiiioned in a separate 
arm Of-the bridge, differentiaI pressure respon- 
si.ve means for varying two of said resistnces 
as a function of the air speed of an airplane, 
the third resistance bëing constructed fo vary 
as'a:function of:air temperature, means respon- 
sire fo the unbalarce of said bridge produced 
by 'the wariation of said first three resistances 
or-altering the resistance of said fourth re- 
sistance fo bring the bridge back into balance, 
:andmeans responsive to said altering means for 
ïndicating the value of 'said fourth resistance 
a-s the air speed tobe measured. 
5. A .true air speed meter as in claiïn 4 includ- 
ing mearïsto vary said first and second resist- 
unces :asa functon Of the'barometric pressure. 
 6. A true air speed meter as in claim 4 in which 
said temperature responsive resistance is posi- 
tionedgt a:po[nt w.herethe air is broughtto test. 
:7.-A truc air.speed meter as in claim 4 in which 
said means' for altering said fouçth res!stance 
includes .a polarized relay, controI means for 
-said relay connected across suid bridge and 
means controlled by said relay for chunging the 

8 
.value of said resistancein a direction determined 
by the .direction of unbalance Of said bridge. 
8. A tmm air speed meter including in cimbina- 
tion a first pressure responsive means communi- 
,5 cating with a Pitot tube, a second pressure 
sponsive means sensitive to changes in baro- 
metric pressure, means actuated by the-first 
pressure responsive means, means actuated by 
the second .pressure .responsive means opposing 
]0 themovement of the first actuated means,.means 
for varying the mechanicaI advantage between 
the aCtuated means, means responsive to the 
movement of one of said actuted means for 
controlIing the means for varyingthe mechunicaI 
15 advantage between theactua.ted means, a Wheat- 
stone bridge huvirfg four arms, a resistor posi- 
tioned in eaçh arm of the bridge, means re- 
sponsive to said means for var.ying the mechani- 
cal advantage between the actuated means for 
2O varying the resistunce of two of said resistors, 
a third one of said resistors being formed if 
ruerai having a large 'temperature coefficient 
whereby itis adapted to vary its resistance as a 
function of air temperature, means responsive to 
°,5 the unbalance of the bridge .for varying the 
resistance of the fourth resistor and means for 
indicuting the value of the resistance of said 
fourth resistor as the measure of air speed. 
9. A truc air speed meteras in claire8 in which 
30 said third resistor is positioned at a point where 
the air is.brought to test. 
10. A truc 'air-speed meter as in claim 8 in 
which said means responsive'to 'the .unbalance of 
tle bridge for varying the resistunce of said 
35 fourth resistor includesa polarized relay, controI 
means for.said relay onnected across said bridge 
and means controlled by said .relay for varying 
the resistance of said fourth resistor as the square 
of the movement of said vurying meuns. 
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